Abstract: A swelling Na-4-mica (a highly charged fluorophlogopite) has recently attracted much attention because of its unique combination of high charge (four charges per unit cell) and swelling and cation exchange properties. Synthetic mica (ideal composition of Na 4 Mg 6 Al 4 O 20 F 4 .xH 2 O) was prepared by a simplified single-step synthetic process (NaCl-melt method) from diatomite at 900 0 C for 5 h. The obtained micas were characterized by powder X-ray diffraction (XRD), fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM) and 29 
Introduction
Mica is representatives of the 2:1 phyllosilicates and consists of layers, composed of two sheets of Si-Al-O tetrahedral sandwiched between M-O and OH octahedral; the tetrahedral share corners of oxygen atoms. In contrast, two anion sites of the octahedral sheet shared only by other octahedral are oxygen atoms that are bound to hydrogen atoms forming OH groups, when not comprised of other anions such as F and Cl. Micas are distinguished from smectites or vermiculites by their higher layer charge density. The two main categories of micas based on layer charge density are: 1) true micas with 1 negative charges per formula unit and 2) brittle micas with 2 negative charges per formula unit 1 . Owing to their high charge density, naturally occurring micas do not normally swell in water and other polar solvents; as a result, exchange reactions with the interlayer cations do not readily occur. Synthetic micas, which swell in water, with cation exchange capacities of more than 200 mequiv (100 g) -1 , have been prepared and are of considerable interest [2] [3] [4] [5] [6] [7] . In particular, Na-4-mica is a very highly charged sodium fluorophlogopite mica of theoretical chemical composition 8 . In the first synthesis, was obtained as a reaction product, among others, after augite powders had been melted in fluoride salts. Two decades later, Paulus et al. 9 employed a multi-step sol-gel method, obtaining higher amounts of the silicate in each experiment, with mica being the main product. However, to leave the product free of insoluble salts, repeated washings in boric acid were necessary. Franklin and Lee 10 succeeded in an "all-in-one" method in which several steps of the sol-gel method were merged together, but the problem of impurities remained unsolved. Park et al. 11 developed a new route, the so called NaCl-melt method, obtaining a "pure" Na-4-mica for which boric acid washings were not necessary. Thus, synthetic Na-4-mica is usually produced using various methods such as hydrothermal synthesis, topotactic exchange, sol-gel and solid-state methods or all-in-one methods. Raw natural materials such as talc 12 20 . In the present work, we further simplified the synthesis of the Na-4-micas by a single-step synthetic process from diatomite as the main aluminosilicate source and NaCl as a fluxing agent. In addition, we characterized this synthetic Na-4-mica with different techniques. This naturally occurring diatomite as an inexpensive aluminosilicate source is expected to contribute to the costeffective synthesis of this mica for wide spread application in the remediation of metalcontaminated soils and ground water or the treatment of metal-containing waste solutions.
Experimental
Naturally occurring diatomite of the composition, 72.40% SiO 2 , 12.50% Al 2 O 3 , 5.80% FeO 3 , 0.40% TiO 2 , 0.23% CaO, 0.52% MgO, 1.34% K 2 O and 0.31% Na 2 O (supplied by Sriphum Wattana Partnership Limited, MaeTha District, Lampang Province, Thailand) was used to synthesize Na-4-mica. A single-step procedure similar to that described by Park et al. was employed to synthesize Na-4-mica 11 . Near-stoichiometric powder mixture with the molar composition 4SiO 2 , 2Al 2 O 3 , 6MgF 2 , 8NaCl was used. Diatomite was used as received without any pretreatment. MgF 2 was obtained from Aldrich (CAS.no.20831-0, 98%) and NaCl was obtained from Panreac (CAS.no.131659, 99.5%). All reactant mixtures were ground in an agate mortar, weighted and subsequently heated in Pt crucibles in the temperature range of 700 to 1000 0 C for 15 h. To study the effect of time on the formation of Na-4-mica at 900 0 C, time periods of 5 h, 10 h, 15 h, 20 h and 25 h were employed. After the above treatment, the samples were repeatedly washed with deionized water to remove all the soluble salts by centrifugation. The solids were dried in an oven at 60 0 C prior to characterization. The solid samples were characterized by power X-ray diffraction (XRD) Chem Sci Trans., 2013, 2(1), 5-12 7 using a Scintag diffractometer with a Bruker D5005 instrument, operated at 35 kV and 35 mA current with CuK α radiation (λ=1.54178 Å). Moreover, Fourier transform infrared spectroscopy (FT-IR) was used to study the structural features. The instrument used for this analysis was a Shimadzu model 8900, measuring samples prepared by the KBr pellet technique. Infrared spectroscopy studies were performed for the mid-infrared region (from 4000 to 400 cm -1 ), where vibration and rotation bands are observed. The spectra were obtained using an average of 20 scans with 8 cm -1 resolution. Some of the samples were characterized by scanning electron microscopy (SEM) using JSM-5410LV with INCA software by oxford to determine the particle size and shape. A few samples were investigated by solid-state 29 Si and 27 Al MAS-NMR spectroscopy to determine the coordination of Al and the nearest neighbor environment of the Si atoms. 29 Si and 27 Al spectra were obtained at 78 and 60 MHz respectively using a Bruker Biospin DPX300 spectrometer with double bearing rotor (5 mm, Zirconia). For 27 Al resonance the spectrometer operating conditions were as follows: recycle delay 4.05 s, number of transients 800, and spinning speed 5 KHz. Chemical shifts were measured relative to aqueous Al(NO 3 ) 3 The 29 Si spectrum was acquired using a recycle delay of 6 s, 1600 transients and 5 KHz spinning speed. Chemicals shifts were referenced to the signal of tetramethylsilane (TMS).
Results and Discussion
Natural raw diatomite collected from Lampang contains quite high amount of SiO 2 and Al 2 O 3 and some impurities of Fe 2 O 3 and K 2 O and smaller amounts of TiO 2 , CaO, MgO and Na 2 O. The diatomite was a sufficient aluminosilicates sources for the synthesis of Na-4-mica. The synthesis conditions and d-spacing of the (001) peak (Å) for Na-4-mica samples are provided in Table 1 . Figure 1 shows the XRD patterns obtained for the different products synthesized by temperature of 700, 800, 900 and 1000 0 C for 15 h. The XRD pattern of the resultant solid prepared at 700 0 C can be described as containing mostly sodalite (PDF 72-0029). The lattice spacing of the Na-4-micas formed at 800-1000 0 C related to that of the Na-4-mica (PDF 54-1025). As shown in Figure 2 , (001) reflection of the hydrated Na-4-mica with a single sheet of interlayer water was observed at 11.33-11.89 Å. As the temperature increased, the Na-4-mica peaks became sharper, because of crystal growth. The d(001) spacing of 11.62-11.99 Å can be observed in the XRD patterns of all the samples and the crystalline phase of MgF 2 (PDF 41-1443) is observed in the XRD pattern of the reaction time of 5 h. Impurity peaks attributed to sodalite (PDF 72-0029) and a forsterite (Mg 2 SiO 4 , PDF 34-0189) corresponding to those reported by Alba et al. were observed 22 . Thus, the XRD pattern of the product that was heated for 15 h was found to be stable, showing reflections that can be indexed as hydrated mica with a 11.89 Å basal spacing. Additionally, for t ≥ 5 h, a new reflection was observed, indexed as sodalite. The SEM micrograph of Na-4-mica that had been heated 900 0 C for 15 h (Figure 4 ) reveals hexagonal crystallites that are typical of the mica morphology with a mean crystal size of 2 µm. The 29 Si MAS-NMR spectrum revealed that this mica has a similar nearest neighbor environments to that of a Na-4-mica 5 . It exhibited two major and three minor 29 Si resonances of Si(4Al), Si(3Al), Si(2Al), Si(1Al) and Si(0Al) at -74.5, -78.1, -81.3, -85.4, and -90.0 ppm from TMS. A complete Si/Al ordering in a Na-4-mica of ideal composition would give only one resonance corresponding to a Si(3Al) environment. These spectra, however, showed the presence of two resonances at δ -78.1 and -74.5 ppm, which represent two different types of environments. For the hydrated Na-4-micas that had been prepared before, the resonance for Si(3Al) predominantly appeared at about δ-78 ppm 2, 5, 8 . Frequently, however, the small Si(3Al) resonance was also observed at about δ -75 ppm 2, 5 . Slight changes in the chemical shifts of resonances corresponding to the same tetrahedral environment have been previously attributed to differences in the octahedral and interlayer environment of silicon 28 .
Wavelength, cm -1 Figure 4 . SEM micrographs of Na-4-mica after 900 0 C for 15 h of heating Komarneni et al. suggested that the resonance at about δ -75 ppm may be due to the Si(3Al) of the anhydrous Na-4-mica phase because the completely anhydrous mica prepared by the NaCl melt method at 900 0 C showed predominantly a resonance at δ -74.5 ppm with a minor resonance at δ -78.1 ppm 29 . These micas prepared here may contain a very small portion of an anhydrous phase or a poorly hydrated phase, although it was not detected by the XRD analysis (Figure 1, 2) . The synthetic micas also showed a significant resonance at -81.3 ppm, which can be assigned to Si(2Al) based on previously reported assignments 2, 5, 6, 28, 30 . The spectrum shows a strong resonance due to Al in a tetrahedral coordination at δ ca. 53. . Thus, this spectrum indicated that nearly the entire Al was incorporated into tetrahedral sites. A shoulder resonance at about 40 ppm was observed, however, which represented a second Al tetrahedral environment. It is not clear at this point what this environment is, but a second Al tetrahedral environment has been frequently observed in the 27 Al MAS-NMR spectra of Na-4-micas 5, 6 . Komarneni et al. previously concluded that the shoulder was probably from a glassy impurity phase 5 . This impurity glassy phase must contain large amounts of sodium to increase the sodium content of Na-4-mica here, as mentioned above. The fraction of the impurity phase must be very small because only a small shoulder resonance was observed at 40 ppm.
Conclusion
A cost-effective method for the synthesis of swelling Na-4-mica has been developed using diatomite as an economical aluminosilicate source and NaCl as a melting agent. This NaClmelt method can be considered a general procedure for the synthesis of high layer charge silicates. The method consists of a single-step synthetic process that involves mixing and calcinations in a Pt crucible. 29 Si and 27 Al MAS-NMR spectroscopy revealed that the Na-4-micas prepared here have Si and Al distributions that are much closer to those of ideal Na-4-mica compared with those prepared by other procedures at lower crystallization temperatures.
